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The present paper presents a methodology for the design of a kaar exploration program.
The logic is based upon (1) the recognition of the secientific objectives of lunar exploration
as presently identified and (2) the evitical and variable staytime requireinents for lunar
explotation missions. Systems ranging from orbital space flights, limited surface staytime
exsploration modes, ard extended moblility missions to temporary siations and bases are
includid in the development of the analysis.

tre technique is based upon the sssumption that, although the program planuer
chnnot quaxtify either the aciént:iic objectives or the output of a luvar exploration program,
it i» noutheless possible to employ quasianalytical techniques to derive semiclosed-form
solutions {0 a mathematical model of a lunar exploration This is done by break-
ing down the scientific objectives and total seientific produet of a lunar exploration program
into percentages assigned to various exploration systems such as orbital, mobile, and fixed-
base systems. Each system is designed to produce a given, assigued output of scientific
product for each of the missions making up the flight program. In this manner a payload

i requirement (weight, volume, or power) ean be developed for each mission within each

(1) A semianalytical msthematical model of a funar explorstion program ean be
derived i some rather bold assumptions are made.

(2) The mathematical mnodel ¢an be a useful tool to the program planner in struetwr-
ing sod snalysing various lunar cxplorstion systems designed to accomplish certain fixed
scientifis objestives.

(3) Problem srees in the development of long-range plans for fotal lunar exploration

" can be identified for mansgeiment using this tool.

(4) Technology develor menit requirements can be identified in broad terms in advance
dmmmdmmmmm

The paper concindes that if sophisticated maasgemeat and organisational metlods

Mm.mﬁmbmmﬁwmm,manﬂyvuﬂw

INTRODUCTION
Peshiaps as a c¢hnsequence of US. con-
tinued success in &pace, increased interest in
lunar exploration and exploitation is developing

Moon as an object of potentially large oppor-
tunity for mankind, that is, an opportunity for
improving man's understanding of himself, his
Earth-Moon environment, and the universe in

i |

and is being stimulated anew by the impending
project Apollo, s manned landing on the Moon.
Thoughtful persons, Government agencies, and
industrial organizations are looking toward the

genersl. Thus the manned Apollo landing will
not mark the conclusiosi of anothor space pro-
gram, but rather will mark the beginning of &
period in which the full potentiai of the Apollo
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system to suppurt Junar evplomtion will be
realized

Interest in lunar explomtion, inclading means
and scientific results, leads inevitably to o
related interest in lunar baszes even though the
need and justification for lunar basea is nn
readily apparent. Space esplorstion is an
expensive enterprise, and the benefita, though
real, are not entirely tangible or visible. The
most successful space programs are those that
are motivated by 2 demonstrated scientific
need within techniral and economic constraints.

Such an imperative haa not yet been firmiy
established for lunar bases, and though con-
sidered opinion reflects an intuitive conclusion
that bases on the Moon will be a justifiable
and inevitable end product of our Apollo
capability, a reasonable logic for such bases
has been slow in developing. The fundamental
question, of course, is: How can one determine
in advanece of the first manned landing if a
base will ultimately be necessary or even
desirable later in the exploration prograni, when
definitive scientific rsulta upon which to
support such a decision are lacking? At the
same time, the planner realizes that long lead-
times are necessary in order to develop missivn
and support equipment for a base and that
those planning and design factors evolving as
logical consequences of the environment should
be incorporated into all stages of planning and
execution of the project.

This paper is addressed to the problem of
planning lunar exploration missions and pro-
grams up to and including the establishment of
lunar bases. For the anslysis presented here,
an arbitrary time period of 20 years' active
life has been chosen. Other major assumptions
are presented in the paper as need for them
develops. The planning problem is composed
of a number of edlements which interact with
one anothier. A somewhat incomplete expres-
sion of this problem can be phrased as follows:
How should a lunar exploration program com-
prising a number of discrete systems, each of
which must accomplish a fiité but indefinite
amount of “science,” be developed? How
long should the system continue to be used,
how many missions should be flown within
it, and when should it be terminated or up-
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graded (o0 one having greater capability?
Arti: ulated in anather way, we want to maxi-
mize the efficiency of each system in the pro-
jwred program and yet anticipate the required
efficiency of each system prier to obtaining a
good understanding of what we want to dv on
the Moon and what the pnaducts of our ex-
ploratery efforts might be.

Auswers to all these questions cannt be pre-
sented in this short paper, but it is intended
that some insght will be prwided inio the
type, nature, and magnitude of the problems
constituting the planning precess which will be
of significant value during future planuing and
efforts, and which, if left unanswered, could
resuit in losses of efficiency and scientific re-
turn as well as national presiige and resources.

The concents presented in several of the illus-
trations were developed by the author during
his association with the Missile and Space
Division, General Electric Co. As such, per-
mission to use these illustrations is gratefully
acknowledged. The reader should understand
that they do not represent offidal or even
necessarily current thinking of the National
Aeronautics and Space Administration and are
used only as representative concepts to support
the discussion herein.

WHAT IS LUNAR EXPLORATION?

Exploration can be defined in several ways,
though a commonly accepted definitior: is the
survey of new areas or regions, usually pre-
viously unexplored, with a desire to determine
the environment, map or survey the tetrain,
and establish references for later missions of
surveys. Explotation of the Antarctic regions
is a good tervestrial example of this procedure.
Lunar exploration differs from terrestrial ex-
ploration, however, in that visual and photo-
graphic orbital surveys will have been made to
some degree prior to surface exploration. Fur-
thermore, sophisticated scientific instruments
will be used to supplement visual and photo-
graphic data and sample acquisition on the
Moon. Early terrestrial explorers were limited

by the scientific instruments then available.
Expressed in precise terms, orbital and remote
seansor surveys of the surface must be included
in the teim “exploration” when it is spplied to
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the lunar case; thus, manned exploration of
the lunar surface will produce fewer of the un-
expected elements which marked tervestrial
exploration.

Esploration missions involve scientific objer-
tives which can be interpreted as:

(#) Broad phenomena

(2) Limited, involving

(e) Limited areas

®) Selected phenomena
(3) Restricted, involving

(e) Specific areas

(b) Specific phenoimens

It is emphasized that exploration seeks to
extend man’s knowledge, primarily in the
scientific disciplines. Thus, in order to accom-
plish exploration, the mission objectives should
be directed toward rather well-defined scientific
goals involving the testing of hypotheses, spe-
cific experiments supporting specific phenom-
ens, and some general experiments involving
interrelated phenomena or processes. Cer-
tainly one could assemble a polyglot of scientific
expuimznts.toullynmdatdmdunmldn«l
tomysdasliﬁcg&al,butsnchnmﬁﬁxwmﬂd
not eunstitute a balanced and thoughtful pro-
gram of exploration.

Science is not the ouly imperative for lunar
qﬂmion,hom,ninoesp.uuplutﬁon.
in general, carries and supports other direct
and indirect benefits. It is important to con-
sider the relative importsnce of science in the
total lunar exploration progrem and to undes-
stand what the other dlements supporting the
program and benefiting from it might be. To
thedegluthtitispoﬁihletodeﬁnetbetoul
benefits deriving from lunar programs, it will
be possible to consider them in the total coatext
of the program and thus include them in the
planning ort, if not directly at least to some

'l‘ho!miormmudlmmdec-
tiveness cin be considered to be its contribution
to or improvement in—

4) Technology development

(3) National prestige

Detailed discumion ~f the rmlevance of these
factors can be found in ajyropriate literature;
for the immediate purpmes it & sufficicat to
inquire into the question of how these factors
can be quantized, and, panticularly, to inquire
into the magmitude «of the scientific product.
Informal surveys within NASA indicate that
the contributions to total lunar program
effectiveness by each of the above factors are
approximately as given in table 1. Though
it i+ obvious that an individusl may disagree
by at least 23 percent with these indices of
effeciiventis, they can be used to mzssure
system effectiveness in planning analyses.

Tasie ). —Rdatice Contributions to
Progrem Eflectirencss

Faetoe ;
Scientifie produet_. .. ! 43
Military postate .. ...... .. ....... R | &
Economie valoe. . . 10
Technalogy developmacat. ... ... .. ... !‘ 10

We have established that scientific goals
motivete lunar explofation; therefore, we can
call this body of knowledge that we seek Q.
The quantity @ can be cousidered to comprise
scientific inguiry into the geologic processes on
the Moon, a deeper understanding of the
Earth-Moon system, and a look at questions
ivcolving the solar system or universe & &
whole from the surface of the Moon. Further,
since Q is defined some years in advance of the
setual missions being accomplished, in per-
ticular surfece mimions, it can be expecied
that new information regarding the Moon will
be derived from unmsnned probes dnd space-
craft during this period. As o result new
questious will be posed, and thess will con-
stitute an additional increment of inquiry
which can be designated A

For the of this analysis, Q is con-

sidered to be the 15 questions posed at Woods
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Hole plus the 10 additional quéstions posed in
the MIMOSA study.! Since @ is net constant
with time, dQ is considered to be the increase
in Q with time: it should be recognized thut the
rate of change is probebly oot linear.

In the same manner, 3 veflects the scientific
questions involved in disciplines other than
those that are predominantly geoscicnces and
includes astronomy, the biosciences, and phys-
ics. Again, dJ is defined as the time rate of
change of icrense in J; dA is probebly Linear
and together with A reflects the emphasis
vosulting primarily from the manned com-
ponents of the lunar program.

Similarly, a and da are defined as other inter-
disciplinary questions and research which are
directed toward scicnce performed primarily
by the unmanned components of the space
program.

k as the scientific preduct of the program equal
to the sum of the above subelemenits:

b=Q+dQ+A+da+atdatR

The total lunar exploration program must in

total program. The sum of (1), (2), and (3)
defines a general lunar exploration system.
If the foregoing is & valid assumption, then

EXTRATERAESTRIAL RESLYPLES

we can also assume that the accomplishment
of the lunar exploration progrem could invalve
a number of rather distinct phasrs. each
reflecting a different system or cnmbination of
mission equipments, We must recor~"e at
the came time that the equipments invol. od in
each system will be composrd of new develop-
ments, improved versions of carlier models,
and peessitly’ hybeid combinations,

HOW CAN A LUNAR PROGRAM BE
OPTIMIZED?

The analysi> preseoted ir 1his paper assumes
a planning period of 20 years during which
time the maximum number of systems which
could be developed and flown is tuken as five.
The sysiems are designated by the letters
L M, N, O, and P, and esch system will be
designed to codtribute to the total scientific
product k. Figure 1 shows how these system
alternatives could relate to each other in an
ideal program, though it is recognized in the
tude in system cost, staytime, scientific scope,
and time duretion of use could and probably
will exist.

From the foregoing varisbles, one can
designate a simple lunar exploration program
P ¢qual 0 the sum of all the component systems
with each performing (or contributing) o
certain percent of k:

Since the components of ¥ (Q, dQ, A ec)
vary with time, k also varies and L. M, N, 0,
and P can be defined as operators acting on &
with each extracting a certain percent of &.
Thus, for ime ¢,

Lkg(0) =e(ty)
Mo fte) = ()
Nhe{Q) = 2(ty)
Oko{ty) = pity)
Pyt =210

where =4, 4 SLShand r, o, 2, 3, and 2 are
values strongly dependent upon the scientific and
mission equipment payload capability of cach
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definition of such considerations as total num-
ber of missions in esch system, number of
missions peér year, and the mix of Qund A o.
and $0 o, in ecach mission.

The ctntral problem in an anslysis of this
kind is to determine bhow the various sysiems
should (or could) br individually optimiaed
in tetms of cost benefits (effectivences) o> that
the total pengram, whether reflecting o pivied
of 10. 20, ar more years' duration, can be
similarly optimiaed with respect to cost benefits.
As table } demunetrates. the srientific product
conglitutes chwe to 50 pervent of the program
contribution. with the other factors making
up the remainmng 50 percent. The caly valid
approach ahich can be taken 10 edvance of the
manted landing is to amsume that by optimizing
the constituent systemss and heore the tolal
hwmlntlh benefit of ecisuce. the
other fortors ( . prestige, econumic,
and military) will abo be bevefited 1= on

unknoan degree uhicrh will be large though
quite pruliably leve than oplisum.

By adopting this premae end sitveng e
cwwentinlly intuitive jostficaton, 1t 5 premible
to devigm & prgram whxh an be weed W
entifly the parutweters for the spacwcmafl,
© -adon, parhed. and landing ute a b bear
v and :nfluence the srvewm of fadlure of the
rograd and whixh serve 1z provide w.aigh?
ot the pumible payhmd ompwgison, o
cduding experument and inddrument rejue
ments.  Figure | indicates that eurh sysiem
should reflect an incrvaang level of srentific
wope and stagtime capabiity as the program
propremsrs. Thewe requirements will. in tum,
demand incrensing program budgetery levede

h«dclopmmi-osmdmdm
minions and payloads in the prvgrem. 8 »
necomary (o establish o relativnsdep between &
and the majur sciontific disciphnes of which it
» comprned  This was dune by an informel
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Hobe questiins wnd the MIMOSA question.
Herw, the amint of & vapable of being pn-
duced by euch minaran b smali (2 percent) s
shomn b table 8 M tonad of five mieps of
Apeths or Apelln espuivalence in the case of
anmuostinaed o mratned ozbiter fizhts is wisimed,
1t enn be expevied that vamuple retum, remote
weniing. and imaging experiments will dominate
the puybiad componition. Swuytimes in this
rase are shoat, oa the onder of a foew hours for
Apollo to & few daye for manned orbiter wnd
unmanned syitlems.

A SYSTEM N POSIY

systesin M cun be evnceived wi a logical exten-
s of the Apolls system wheoie elements ure
compried of Apollo and Apollo derivatives  lus
misin b envisioned a3 compriving Devad sus-
vers and explosution with tinve-indeperelent
experinients over widely separated arens  The
percentage of @ envered in this mission i peob-
ably quite lange, A is probably suther <mall.
snd the span of time over which the neful
elfective hifetime of M is extended i abo us
o ao. prsnible. penbably sevesul years or meve.
The studies condueted xith M are directed
toward an understunding of the whele body of
the Moon and involve such diseiplines as geol-
ogy, geophysics, and geochemistry. [ unar
staytimes are abo probaliy quite shori, «n the
order of & few days to & few weeks.

Figure 2 shows an anist’s coocept of wich »
system, which might he dencribed o an early
lunar pair.  Stidies <how thet twe Saturn ¥
launches micht be teguired (s thes system; vne
lannch wonkd lamd an nnmanned <helfter carried
by the LN truck el »omhd be foloned by
snother Taunch varmimg an Apodbe LM v
Wt wlx lamnds the astponaute v the lunar surfave.
Mineon esiprients woakd mclade o dnll capa-
ble of dntling 1o depthe of 10 feet and revever-
ing eores for retin s Bartle, N varmied on
the LM tasi wenihd be o cmall otve-man mving
vehicle, enurrently nimder stady, kponn s a bocal
acientite aurves miedule (ENSND This e
sehir.e woull ogerate within o range of per-
hape 3 miles beyond the initial lamding print.
It will be noted rhat the vehiwle would omt
contain either envirvnmental eonted or bfe
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supgert systems,  Portuble backpacks wee the
wile peovinimn for life supoves with this mobility
nisnde.

signiticant contributions to ¢ con be ohtained
with this systenm.  These inchiule advuneing our
ftna" muwnqﬁng ol the stnwture and intemnal
v it of the Moon, lewrmning more of the
internal energy regime of the Moon, snd studies
involsing the composition of the lnnar surfsce
aral processes which net to slter its shape wnd
eomponiting,  Miosions  vonducted  with  thds
system wanhl invelve the placenent of fixed
instruments  at  specific  dites whese time-
deperdent dutw ape denired wnd cin be obtuined.
by fully sutomuotic inocuments, These datu
might dwhule mewsarements of heat fow,
~emn, JRUsItY, sod stmespherie phenomens.

A SYSTEM N POSIT

Planning foo syvtem N is not as simple us for
M, since the misown objectives and scientific
stidies which are required for this system are
constriined by the svewmplishments of M in
terms of the amount of ¢ remaining a5 well as
probuble incrensed sequirements of A on the
systens.

The mision objectives involce greater areal
coverage and are direrted toward both selented
arens and ruther selevtive phenomena for in-
vestigation. As » result, it is ool unreslistic
ter assumie that this system will involve o large
mix of new developments und <ernnd-generation
mision equipments.  The scientific phenomena
of interest during thiv pericd. vinuslized to ex-
tend over several years with vne or mose mis-
sivls per year, are mowe time dependent and
involve st 7 4 in disciplines in addition to the
gewcience . These might inviude the bio-
sciences and supporting stindies in sstronomy,
for instance.

Conceptusd studies indicate that this system
might abo involve two launches of & Satura V
berwter per mission. Owve launch would land
an unmanned mobile laboratory and would be
fulloned by sn LM tasi carryir, *wo and pos-
sibly three a wnauts o the witver surface as
shown in figure 3. An additivnil shelier devel-

vped for system M might be available as well
in the event that systém N spacecraft are landed
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Fieuan 2.—Attist’s concept of systems M.

near a site explored briefly during the lifetinie
of system M. In this case we might be think-
ing in terms of staytimes of several weeks to
several months, during which the mobile
laborstory would make extended traverses over
the lunar surface. In addition to conducting
scientific studies and emplacing scientific equip-
mens, the tewn would also conduct engineering
experiments ir #ilw to determine the require-
ments for more permanént base ficilities and
to obtain data upon which to base the design
of theie facilities.

During the lifetime of system N, one could
ressonably expect that requirements for as-

tronomy and biomedical research would be
identified, as would possible lunar resoucces,
and applied science and engineering research
needs.

" A SYSTEM 0 POSIT

By the time the requirements for systém O
have been identified, the major early require-
ments involved in @ will have been largely
satisfied and » ratber comprehensive under-
standing of the Moon, the relationship of the
Earth-Moon system, and the history and
evolutionary events in the Moon's progréssion
to its present form will heve been obtained.
Thus the major scientifz objectives of this
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Frouns 3.—Artist’s concept of sfatem N,

system are ussociated with more restricted
areas involving specifie sites and specific phe-
nomena which are associated with very time-
dependent studies. The scientific experimen-
tation includes o large remaining percentage
of @ and a larger percentage of A and dA
which include small percentages of astronomy
and biomedical experiments. In addition, lu-
nar vesources R first investigated by system
N ure given increasing emphasis. ‘These require-
ments derive from the conclusions reached
from k up to this time. Even though systems
M and N could be extended and uprated, they
are iuefficient and inadequate to support the
expanded scientific program at this point. As

a result, the development of a system com-
posed entirely of newly developed components
is needed.

A concept for this system is shown in figure
4. In the left background is a shelter-labore-
tory for four to six men which has been landed
directly on the lunar surface from Earth, and
was followed by an improved personnel delivery
system lander which transported the astronauts
to the site. The manned delivery system
might be either direct flight or lunar orbit
rendeavous (LOR) dopending upon the results
of studies currently underway. Later cargo
trips have provided additional scientific and
mission equipment and an expandable shelter
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Ficunm 4.—Artist’s concept of system O,

and maintenance module. Since preceding
missions have established that the development
of a lunar-base facility at this location is an
economically and scientifically worthwhile proj-
ect, eventual buildup to a large base facility
has begun. Stations of this type are envisioned
to become practical after development of an
efficient unmatined method of landing large
payloads directly on the surface. This is
considered to be an elementary form of a lunar
base. As can be seen, requirements have
dictated that it be developed. These require-
ments are strongly dependent upen man's

participation in the effective accomplishment
of the mission tasks. Further, these tasks
during this phase are strongly time dependent,
are varied in scope and complexity, and are
relatively immune to preprograming. A fixed
base at this site is indicated where man can
exploit his advantage on the Moon.

A SYSTEM 7 POSIT

As the requiremnts for surface staytimes
promulgated by increasing emphasis on A
(satronomy, bioeciences, physics) and dA in-
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Fraurs 5.—Artist’s concept of aystem P.

crease, long-range planning must include
studies of concepts similar to that shown m
figure 5. This large semipermanent base can
accommodate 12 men for periods of a year or
mete. Furthermore, requirements for exploita-
tion of lunar rescurces may by this time have
been identified, with a parallel impact on
increased surface vperations capability, stay-
times, and manpower levels. At the present
time it is difficult to anticipate the evolutionary
trend of spacecraft systems which might
support 8 lunar base or to anticipate to what
degree there might be new or modified versions
of precursor systems,

MISSION FAYLOAD COMPOSITION

As pointed out earlier in this paper, the
final step in the analysis is to determine, in
terms of the factors making up k, the scientific
product, the payload composition for each
missizn which supports systems L, M, N, 0,
an’ P. For the purposes of this analysis,
‘which is an example only, the subdivision of
these factors shown in table 4 has been adopied.

If the assumed composition of k is known, the
individual paylosd comiposition can be defined.
In the example used in this paper, this was done
on ati iterative basis by using » simple proce-
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TasLE 4.—Percentage Compasition of k
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dure. The procedure was based on the expecta-
tion that, within each system, the early science
would extend and expand thst which had pre-
ceded it and that science conducted toward the
planred uséful end of the same system would
support more sophisticated systems and science
tofollow. From a total program standpoint, the
priorities of table 2 were followed.

EXTRATERRESTRIAL RESOURCES

The results are displayed in tabla 8, where the
components of k& making up each raission are
presented. Note the attempt to introduce
more complex science (in terms of & compo-
nents) during the last pheses of each system and
the emphasis away from Q Iate in the program.
These expected results are based on the indi-
cated assumptions for the analysis. Having
these data at hand makes it possible to plot a
graph of the scientific accomplishment of each
system in terms of percent of £ and its compo-
nents, Suchagr nhisshowninfigure8. Notice
the emphasis on  and dQ, the basic scientific
questions. This graph demonstrates in a visual
way the original premise of this paper, namely,
that the logic for the ultimate system, a lunar
base (system P), appears at this time to be
related solely to the needs of scientific mission
objectives which cannot be met by any other
system. From a solely scientific view, a lunar
base is a requirement only if it is determined

TABLE 5.—Mission Science Payload Composition

System
Variable
L M N o P
Components of &:

[+ IO 8 8 10 12 8
[ [ ISP SO S 2 3 1
A icccncccccanaas 1 2 3 4 12
. 7. NI NIRRT NN 1 2 4
@acecocroncnccsncnana 1 2 2 ) §  §
Qe ccacecccecncrcccaafoccccccccnccccanafacanacacaaaan | | N PR
| I SO UIUUIIPU S 1 2 7
Percent &k per system. 10 12 20 25 3
- oz

Number of missions 5 4 4 5 3
Q per mission............. 212{2{1}1{3/3!1|1{3/2({812{1/3|3[2/3] 2| 3 3
dQ per mission. ........... ee foo Jecal b leacloaalaaa] D] B Jacaf D lach B 1D | B} ) fanc]ene] ¥ fecc)eaas
A per mission. ... oneen.... cmofemalonefene] D lacaleaa R PRI LoD f R0 L ]..f 4] 4 4
dA per misslon............. R coleso|ecafocafacalenelacalacafoce| B lenefeaolea] )R] 21 1 1
« per migslon........a..... cceleca|an O PR PR RO FORO IS U B TN SO RO b N SO S SO EVIH B BN SOOI O
dapermission. ........... N SN afecalecafecafecalaafencaca] B aca] 1 fend]ec]eaaoae] 2} 8 3
R per mission. . ........... .ee - eojecalesalecefnaalocalanafanal B lacafaetacal D] R bicoilacae]annn
Total kpermimion..| 2{2/2(2/2/8[3/8({3|5(8|/6!5|/5{5({6|88 |nnjiz| n
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LEGEND

Q = SCIENTIFIC QUESTIONS

dQ = INCREASE IN Q@ WITH TIME

A = INCREMENT TO SCIENTIFIC QUESTIONS
dA = INCREASE IN A WITH TIME
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Figuas 6.—Luner exploration mode scienice capability.

that long staytimes at some point on the lunar
surface are required to accomplish complex
research involving man, time-dependent phe-
nomcna, and very sophisticated mission and
experiment equipments. It is prematuré to
attempt to define the operational requirements
for the base and no attempt has been mede in
this analysis to do so. If we can sustain the
conclusion, however, that a semipermanent
bsse reflects considerably greater scientific
contribution, we can at the same time stress
that its contribution to technology development
is correspondingly greater than that of most
other spacecraft systems supporting lunar
science and exploration. Many subsystems are
involved in the development of s base which
may or insy not be characteristic of other modes
of exploration. Among these are power genera-
tion and trensmission, communication, snd
data management.

Power requirements for a base are expected
to be much higher thau those for systems simi-

larto Nand 0. They will probably be met most
efficiently by nuclear systems, though missions
up to several months or even a year could be
supported by solar thermoelectric and solar
thermionic power units. -
Requirements for communications and data
transmission will be very extensive, since the
mitsions will certainly involve links beyond the
line of sight. Thus ground and spsce-based
repeaters and groundwave propagstion tech-
niques will probably beemployed. Sincethecom-
munication and data systems required for base
operations are direcily and importantly related
to the missions to be performed, the require-
wuents for them must be established on the basis
of sn integrated exploration and exploitation
system. Thus, they must be designed to permit
expansion end modification to reflect growth
from early systems to the more advanced bases.
Furthermore, the load levels will be detesmined
directly by the scieatific equipmeants, both type
and number, the dats output from them, and
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the degree of automation of the experiments.
Data recording, storage, end transmission, or,
in sum, the data management problem looms
as one which :ill require much study and
definition in the | -riod of preparation for a base.

SUMMARY AND CONCLUSIONS

An analysis of this kind does not solve
problems s0 much as it setves to make prob-
lems more visible. Several of these problems
are discussed in the following paragraphs.

The fact that a nission may have to be
aborted at any time after itc initiation must be
recognized. This requires that the more im-
portant experiments should be scheduled and
flown as early as possible, if all other constraints
and considerations are equal. Agsin, a situ-
ation in which the experimentconducting
‘phase of the mission must be terminated pre-
maturely is a real possibility. In either case,
the impact on the program would be eithér an
attempt to repeat the mission, to cancel the
payload (and hence its potential contribution
to k), or to carry over the payload to subsequent
systems in the program. For example, as-
sume a mission failure for one mission in each
of systems L, Af, and N. If the carryover mode
is followed, it derives from figure 2 that a cum-
ulative payload carryover of 10 percent k¥ must
be designed into eystems O and P to accom-
modate the loss.

Arnother vexing problen: involves the compo-
sition of experiments and instrumrents inh each
payload and a determination of whnt each might
contribute to the components of k. Expressed
in another way, we must determine the ex-
periments and their related instruments which
support the science related to Q, A, R, and so
on. Again, which experiments and instru-
ments have commonality and what are the
common &lements? Implications of these con-
siderations on the spacecralt subsystems and
on data management are evident.

These problems notwithstanding, s program
of systems and missions must be planned and
selected together with paylosds, experiments,
and instruments. ‘This requires that the qual-
itative objectives of the scientific community
be quantified and divided down to a level at
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which engineering altarmative. can be de-
termined and evaluated. Evidently the scien-
tific community will eventually be required to
exercise its collective judgment at a more pre-
cise level than that of the basic scientific
questions. The process of development of a
program plan sttempts to relate the require-
ments on the program to the means by which
they are accomplished. Considerabls study
within NASA has produced a much clearer
understanding of the means than it has of the
specific requirements (as opposed to general
requirements), with the result that optimiza-
tion of the system elements has not been
possible. It is evident that, in optimizing
for science, mission definition, and payload
definition which impact on the systems design
must progress much more rapidly than the
current trend supposes.

A further remark should be addressed to the
components of k, the scientific product of
lunar exploration. At the present time the
component @ and the influence of these ques-
tions in terms of experiments and instruments
is quite well understood, as is the time ordering
of the experiments continued in Q. This is not
ttue for the othér components which relate to
such disciplines as astronomy, biosciences,
physics, and so forth. Since they, too, will
provide a contribution to k (approximately
50 percent according to table 4), they must be
defined sufficiently well in terms of basic
questions, experiments, and instruments to
permit their timely incorporation into the
payloads so that their anticipated & value can
be extracted from both the individual systems
and the total program.

How these other componerits might impact
on the program is displayed by table 8. Note
that even during phase I of a total program
period, & number of éxperiments, operations,
and engineering tests must be performed to
support both operations and science during
later phases. Unless the requirements in disci-
plines such as astronomy and bioscience are
defined early in the planning pericd and in-
corporated into the early phases of the oper-
ational period, those activities roquired to
support more involved and complex mivsions
later in the program will not be done and
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TasLx 6.—Lunar Smn« Program Tnnda

Component Scientific-economic benefits  Socic-humanist!  benefits Scientific benefits
. Phase ... ._....... I—Early f1—Intermediate " INI—Optimum f
Major emphasis___ . Geosciences Bioscicnees Astrosciences ;
. |
Disciplines_ . _______ Geological Biclogical Astronomy i
Geophysical '
; Geochemical
'  Phase 1 :
sapport |
[ : FPhase 11 Phase 111
i ] support support x
_é : support :
j ! ’f f
| Purpose............ Directed toward Direeted toward i Directed toward !
' understanding undérstanding man understanding i
Earth-Moon system man’s environment ;

| |

! i

delays, pessible fractional paylcads, and sub-
optimum utilization of the spacecraft systems
will result. That the simple version of & lunar
exploration planning logic presented here is
only one of many possible forms and directions
which the exploration of the Moon may take
is acknowledged. Those interested in par-
ticipating in this type of analysis may wish to
insert their own numbers into the mission
variables and may also choose to define the
systems in a variety of alternate ways. One
caution should be expressed, however: The plan
should be structured to permit maximum
effective utilization .. the Apollo system
derivatives and should be consistent with
sound scientific objectives and reasonable
measures of cost effectiveness.

Last, it must be emphasized that the analysis
presented here is empirical in nature. It is

334034 0 00— —12

hoped that it will prove possible to develop a
generalized closed-form mathematical program
planning model having application to programs
other than lunar exploration.

If sophisticated management and orgsniza-
tional methods and techniques are vital to the
success of space operations, they are also
equally vital to suecessful planning for space
systems and operations. Thus the approach
described can be very useful in long-range
planning activities such as lunar exploration
and orbital space stations.
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